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Thermal noise presents a fundamental limit to measurement sensitivity in diverse areas of science and technology [1] . One important setting is that of optical interferometry in which otherwise stable structures experience small, thermally driven fluctuations in their dimensions in applications ranging from frequency metrology, to gravitational wave detection, to the realization of quantum behavior for macroscopic objects.
Various avenues have been followed for reducing thermal noise in optical interferometers, the most significant being lowering mechanical losses for the substrate [1] and, more recently, the coating [2] . New designs for advanced interferometers include the use of "coating-free mirrors" [3, 4] and a short Fabry-Perot (FP) cavity [5] to replace the usual single surface surface of a mirror.
Here, we present a new strategy for reducing thermally driven phase noise in optical interferometers [6] . Fundamental to our proposal is the observation that various manifestations of thermal noise can be coherent one with another. Two examples are considered that recognize that stochastic displacements δu z perpendicular to the mirror's surface are necessarily accompanied by correlated strains and index changes in the underlying materials of the mirror coating and substrate. Normally, the phase shift δβ due to strains in the coating and substrate are small compared to the shift δθ from the surface motion δu z . However, by suitable design, it is possible to achieve a total phase shift δΦ = δθ + δβ δθ for the reflected field. That is, although the physical surface of the mirror is subject to random displacements δu z , δΦ can have reduced sensitivity to these displacements with δθ coherently compensated by δβ from the coating and substrate. Although our current analysis is for "Brownian noise" of the substrate, our methodology should be applicable to thermoelastic and coating noise as well [7, 8] .
Our first example examines thermal noise for an eigenmode of a cylindrical mirror at frequency ω equal to a mechanical resonance frequency ω 0 . A second, more challenging example is thermal noise at frequencies ω well below the lowest resonance of the mirror substrate. In this quasi-static regime, we analyze the correlation between thermal displacements at depth z and fluctuations of the surface arising from many modes. This research is supported by the NSF and NRC. Permanent addresses: † HJK -Norman Bridge Laboratory of Physics 12-33, California Institute of Technology, Pasadena, CA 91125; ‡ BLL -Department of Physics, University of Illinois, 1110 West Green St., Urbana, IL 61801
